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Better understanding of diverse effects of atmo-
spheric aerosols on climate and atmospheric chemistry
requires more realistic treatments of physical and chem-
ical properties of aerosol particles. Recent measure-
ments demonstrate that a large fraction of aerosol par-
ticles has complex chemical composition and exhibits
a variety of shapes. This paper presents new tech-
niques for predicting the optical properties of nonspher-
ical multicomponent aerosols containing mineral dust
and/or black carbon.
the statistical information on size-resolved composition
and morphology of individual aerosol particles to pre-
dict the probability distribution of their main optical
characteristics. The techniques were applied to the
data provided by the aerosol time-of-flight mass spec-
troscopy and electronic microscopy. The predicted op-
tical models were then used in calculations of the ra-
diative impact of aerosols under different atmospheric
conditions. Similar radiative transfer calculations were
performed using a standard approach, by applying Mie
theory to an ensample of spherical particles with a log-
normal particle size distribution and effective refractive
indices. We will address the differences in the radia-
tive effects predicted with both approaches. Also the
advantage/disadvantage of both methods will be dis-
cussed.

The strategy is to incorporate
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In order to meet one of its goals - to relate obser-
vations of radiative fluxes and radiances to the atmo-
spheric composition - the Department of Energy’s At-
mospheric Radiation Measurement (ARM) program has
pursued measurements and modeling activities that at-
tempt to determine how aerosols impact atmospheric
radiative transfer, both directly and indirectly. How-
ever, significant discrepancies between aerosol prop-
erties measured in situ or remotely remain. One of
the objectives of the Aerosol Intensive Operational Pe-
riod (IOP) conducted by ARM in May 2003 at the
ARM Southern Great Plains (SGP) site in north cen-
tral Oklahoma was to examine and hopefully reduce
these differences. The IOP involved airborne mea-
surements from two airplanes over the heavily instru-
mented SGP site. We give an overview of airborne re-
sults obtained aboard the Center for Interdisciplinary
Remotely-Piloted Aircraft Studies (CIRPAS) Twin Ot-
ter aircraft. The Twin Otter performed 16 research
flights over the SGP site. The aircraft carried instru-
mentation to perform in-situ measurements of aerosol
absorption, scattering, extinction and particle size.
This included such novel techniques as the photoacous-
tic and cavity ring-down methods for in-situ absorp-
tion (675 nm) and extinction (675 and 1550 nm) and
a new multiwavelength, filter-based absorption pho-
tometer (467, 530, 660 nm). A newly developed in-
strument measured cloud condensation nucleus con-
centration (CCN) concentrations at two supersatura-
tion levels. Aerosol optical depth and extinction (354-
2139 nm) were measured with the NASA Ames Air-
borne Tracking 14-channel sunphotometer. Further-
more, up- and downwelling solar (broadband and spec-
tral) and infrared radiation were measured using seven

individual radiometers. Three up-looking radiometers
were mounted on a newly developed stabilized plat-
form, keeping the instruments level up to aircraft pitch
and roll angles of ~ 10°. This resulted in unprece-
dented continuous vertical profiles of radiative fluxes,
which we will compare to modeled fluxes using the
aforementioned data as input. We will also present
comparisons of the vertically resolved aerosol optical
properties measured aboard the Twin Otter and from
two ground-based lidar systems. Finally we use a tra-
jectory model and a three-dimensional aerosol trans-
port and microphysics model to explore the long-range
transport and evolution of smoke aerosols from Siberian
fires observed over SGP May 25-28, 2003.
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We have characterized particles produced from
oceanic breaking waves that have diameters as small
as 0.01 pm with peak number concentrations between
0.02-0.06 pm. Typically 60% are formed below 0.1 pum,
about an order of magnitude smaller than previously
documented for oceanic sea-salt. Their stability upon
heating implies they are sea-salt nuclei and evolve from
an externally mixed to internally mixed aerosol in the
marine boundary layer. This production from breaking
bubbles and the highly nonlinear dependence of bubble
production on wind speed implies strong regional and
temporal differences in their surface flux. The compar-
ative strength of this flux to the flux of sulfate aerosol,
often entrained into the marine boundary layer from
the free troposphere, is critical to their relative role as
atmospheric condensation nuclei and cloud condensa-
tion nuclei, CCN. Their relative contribution to CCN
is expected to be regionally variable ranging from less
than 10% to more than 90% of marine boundary layer
CCN. Here we show that their size and flux can have
significant impact on the origin and evolution of marine
boundary layer aerosol under diverse conditions.
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High spatial and temporal observations from a pro-
filing cloud radar reveal sharp shear/density bound-
aries in the interior of Florida convective anvils. These
discontinuities where seen at all multiple levels within
the anvil, lasting for periods of 15 minutes up to several
hours. These discontinuity layers effectively divided
the anvil into layers with distinct characteristics, and
suggest different source regions for the different layers.
The most prominent of these discontinuities lasted for
approximately 4 hours. At times this layer exhibited
clear Kelvin-Helmholtz instability breaking waves.
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Tropospheric aerosols and high-level thin cirrus fre-
quently coexist and affect the atmospheric radiation
budget and vertical heating rate distribution in differ-
ent manners associated with their unique optical prop-
erties and altitude. However, distinguishing between
these two from satellites is extremely difficult because
both are optically thin with optical depths generally
less than about 0.5. Presently, retrieval of such in-
formation as optical thickness and effective particle
size by satellite sensors is made separately. That is,
aecrosols are only examined in presumed clear sky sit-
uations while thin cirrus properties are retrieved while
assuming a background aerosol size distribution. There
is evidence that thin/sub-visible cirrus may exist in
greater quantity, especially in the tropics, than is cur-
rently being detected, which, in turn, has been lead-
ing to large errors in the retrieved aerosol properties.
By using new satellite sensors with a greater number
of channels and higher spectral resolution, new infor-
mation is now available which may make it possible to
obtain a more accurate estimate of both thin cirrus and
aerosol optical properties when they occur in the same
field of view. We have developed a procedure to retrieve
thin cirrus and aerosol optical depth, as well as cirrus
ice crystal effective size, using six Moderate Resolution
Imaging Spectroradiometer (MODIS) channels. Theo-
retical simulations show that these particular channels
are sensitive to specific aerosol and cirrus properties.
Error analysis reveals that the retrieved optical depths
are accurate to within 20%, while ice crystal effective
sizes lie within twice that of the real value. Case stud-
ies taken from CRYSTAL-FACE indicate that our re-
trievals compare well with both in-situ measurements
and other remotely sensed values. This new retrieval
method will increase the total area in which aerosol in-
formation can be obtained and reduce the effect of thin
cirrus contamination.
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The bulk density, surface area, asphericity and frac-
tal dimensions of crystals in tropical cirrus clouds
are derived by combining complementary measure-
ment techniques that were employed during the CRYS-
TAL/FACE experiment in July, 2002. The instruments
that are used in this derivation are the Cloud, Aerosol
and Precipitation Spectrometer (CAPS) that measures
single particle properties, the cloud integrating neph-
elometer (CIN) that measures ensemble light scatter-
ing and the Harvard Total Water (HTW) sensor that
measures the vapor concentration of evaporated cloud
particles. The asphericity of particles smaller than 50
pm is determined by comparing the forward and back-
ward scattering light spectra that is measured with the
CAPS. The ratio of the areas under the forward and
back scattering spectra is proportional to the asymme-
try factor and can be used in radiative transfer cal-
culations for evaluating the flux of radiation through
the cirrus layers. The fractal dimension of ice crystals
larger than 200 pm is also derived from the CAPS mea-
surements and is a measure of the crystal “roughness” ,
related to the surface area and bulk density. The bulk
density is estimated from CAPS and HTW measure-
ments by calculating the volume of particles from the
measured size distribution and then deriving the bulk
density that would give an ice water content compa-
rable to that measured by the HTW. The evaluation
produces a family of curves relating ice crystal effective
diameter and bulk density to ice water content. The be-
havior of these curves under different temperature con-
ditions provides information on the type and age of ice
crystals. The ice crystal surface areas are derived in a
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similar fashion by comparing the scattering coefficient
calculated from the size distributions and direct mea-
surements with the CIN. As with the derivation of bulk
density, the surface area computed by this technique
depends on the assumed shapes of the crystals. The
average fractal dimension, asphericity factor, surface
area and bulk density are sensitive to cloud tempera-
ture, distance from cloud top and cloud age. Contrail
crystals are clearly distinguishable from natural cirrus
by much lower fractal dimensions and smaller aspheric-
ity.
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An important goal of the CRYSTAL-FACE experi-
ment was to derive the radiative budgets of tropical cir-
rus and determine the factors that affect these budgets.
With this goal in mind, we have developed a method
of retrieving cloud microphysical properties using com-
bined observations from the airborne Cloud Radar Sys-
tem (CRS) and Cloud Physics Lidar (CPL) operated
during CRYSTAL-FACE. This retrieval improves upon
more traditional optimal estimation retrieval methods
developed by the authors and makes the method more
robust and efficient. We apply this method to obser-
vations collected during the CRYSTAL-FACE experi-
ment in July 2002. Vertical profiles of visible extinc-
tion coefficient, ice crystal diameter, number concen-
tration, and ice water content are retrieved for a se-
ries of high and mid-level clouds, including anvils and
synoptically forced cirrus, that were observed during
multiple flights. These retrieved values are compared
against in situ observations, where available, and other
retrieval methods. The retrieved cloud properties pro-
vide a way of examining the relationships between cir-
rus microphysics and cirrus optical properties and serve
as a basis for the estimation of radiative fluxes and
heating rates within the cirrus clouds observed.
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Meteorological observations, in situ data and satel-
lite images of dust episodes were used already in the
1970s to estimate that 100 tg of dust are transported
from Africa over the Atlantic Ocean every year between
June and August and deposited in the Atlantic Ocean
and the Americas. Desert dust is a main source of nu-
trients to oceanic biota and the Amazon forest, but de-
teriorates air quality and caries pathogens as shown for
Florida. Dust affects the Earth radiation budget, thus
participating in climate change and feedback mecha-
nisms. There is an urgent need for new tools for quan-
titative evaluation of the dust distribution, transport
and deposition. The Terra spacecraft launched at the
dawn of the last millennium provides first systematic
well calibrated multispectral measurements from the
MODIS instrument, for daily global analysis of aerosol.
MODIS data are used here to distinguish dust from
smoke and maritime aerosols and evaluate the African
dust column concentration, transport and deposition.
We found that 230480 tg of dust are transported an-
nually from Africa to the Atlantic Ocean, 30 tg return
to Africa and Europe, 70 tg reach the Caribbean, 45
tg fertilize the Amazon Basin, 4 times as previous es-
timates thus explaining a paradox regarding the source
of nutrition to the Amazon forest, and 120440 tg are
deposited in the Atlantic Ocean. The results are com-
pared favorably with dust transport models for particle
radius * 12 pm. This study is a first example of quan-
titative use of MODIS aerosol for a geophysical study.
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Number concentration and size of ice crystals in
upper tropospheric cirrus clouds is result of a compe-
tition between homogeneous and heterogeneous freez-
ing processes and the dynamic partitioning of water
between the interstitial vapour phase and the ice sur-
face. High updraft velocities as e.g. occurring in con-
vective cloud systems favour the formation of high ice
particle concentrations by homogeneous freezing of so-
lution aerosols which requires ice supersaturations of
up to 60%. At lower updrafts, however, heterogeneous
ice nuclei, e.g aircraft emitted soot particles or par-
ticles originating from the lower boundary layer, may
selectively be activated at lower supersaturation. The
pristine ice crystals grow by water uptake, thus even-
tually limiting the maximum supersaturation to val-
ues below the homogeneous freezing threshold. Recent
measurements during Crystal-Face have shown mineral
dust particles originating from northern Africa to act
as efficient ice nuclei in the middle troposphere. Using
the large coolable and evacuable aerosol chamber AIDA
(Aerosol Interaction and Dynamics in the Atmosphere)
of Forschungszentrum Karlsruhe, we have investigated
the freezing thresholds of redispersed African desert
dust samples at different cooling rates and temper-
atures between -40°C and -70°C. The mineral dust
particles with diameters between about 0.5 and 2 um
turned out to act as quite effective deposition nuclei
at relatively low ice supersaturations. Experimental
methods and ice nucleation results will be discussed on
the poster. Results from previous AIDA experiments
with soot and mineral dust particles coated with sul-
phuric acid and ammonium sulphate will also be shown.

URL: http://imk-aida.fzk.de
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‘We have developed a detailed 2-D model of aerosol
and gas transport in warm and mixed-phase convective
clouds including a full treatment of kinetic processes
controlling aerosol-cloud interaction and gas parti-
tioning among size-resolved hydrometeors. Numerical
simulations are conducted to understand how the
aerosol spectra and chemical composition are modified
during the cloud lifetime. Results will be presented
from idealised and sensitivity experiments in which low
level convective inflow air containing specified aerosol
spectra is processed by the modelled convective clouds.
Modification of the aerosol spectra in convective out-
flow by scavenging of aerosol and soluble gases, and by
aqueous chemical reactions is diagnosed. The feedback
of the cloud-processed aerosols on cloud microphysical
properties and precipitation behaviour of the primary
cloud will be discussed.
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Deep convection in the tropics is frequently associ-

ated with biomass burning. Recent work has suggested
that the size of ice crystals in the anvils of tropical cu-
mulonimbus clouds may be affected by biomass burn-
ing, though the mechanism for such an effect is un-
certain (Sherwood, 2002). We will present results of
an investigation of the role that high molecular weight
organic compounds, known to be produced in biomass
burning (Elias et al., 1999), may play in tropical cir-
rus anvils through heterogeneous nucleation of ice. In
particular, we examine the mechanisms underlying het-
erogeneous nucleation of ice by films of long chain alco-
hols by studying the interaction of the alcohols and wa-
ter/ice using temperature controlled, Attenuated Total
Reflection - Fourier Transform Infrared spectroscopy.

The mechanisms are interpreted in the context of recent
criticisms of some aspects of classical nucleation theory
(Seeley and Seidler, 2001; Oxtoby, 1998). References V.
Elias, B. Simoneit, A. Pereira, J. Cabral, and J. Car-
doso, Detection of high molecular weight organic trac-
ers in vegetation smoke samples by high-temperature
gas chromatography-mass spectrometry. Environ. Sci.
Tecnol., 33, 2369-2376, 1999. D. Oxtoby, Nucleation
of first-order phase transitions. Acc. Chem. Res., 31,
91-97, 1998. L. Seeley and G. Seidler, Preactivation
in the nucleation of ice by Langmuir films of aliphatic
alcohols. J. Chem. Phys., 114, 10464-10470, 2001. S.
Sherwood, Aerosols and ice particle size in tropical cu-
mulonimbus. J. Climate, 15, 1051-1063, 2002.
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The radiation budget, climate change and feed-
back processes involving clouds are important. In the
tropics, the radiative heating/cooling and forcing are
strongly modulated by cirrus clouds due to the fact that
these clouds occur frequently and ubiquitously. Here
we report an algorithm for inferring the microphysical
and radiative properties of cirrus clouds ( i.e., effective
size, ice water path, optical thickness and cloud emis-
sivity) from ground-based high-spectral-resolution in-
frared observations. This approach is based on the fact
that the downward radiance is sensitive to the cloud op-
tical thickness in the 800-1200 cm-1 atmospheric win-
dow region. Additionally, the spectral slope of the
brightness temperature for the downward radiance is
sensitive to both the effective radius of ice crystals and
the optical thickness of cirrus clouds. This spectral fea-
ture of atmospheric infrared radiation allows us to re-
trieve three microphysical properties of cirrus clouds si-

multaneously. In practice, we employ a “curve envelop-
ing” technique to avoid the effect of a “non-absorption
band shift”. Thirty in-situ size distributions are used
to calculate the mean scattering properties of ice crys-
tals in cirrus clouds. The clear sky optical thickness
and downward radiance are simulated by a line-by-
line radiative transfer model and the discrete-ordinate-
method radiative transfer model, respectively. Further-
more, we use sky images and normalized lidar backscat-
ter profiles to identify cloudy and cloud-free conditions.
As a case study, we apply the present algorithm to
the retrieval of cirrus properties on the basis of the
surface infrared spectrum acquired during the Cirrus
Regional Study of Tropical Anvils and Cirrus Layers-
Florida Area Cirrus Experiment (CRYSTAL-FACE) in
July 2002.
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During the CRYSTAL-FACE campaign, ice water
content (IWC) was determined on the basis of obser-
vations of so-called total water made with a closed-
path tunable diode laser hygrometer (CLH). The in-
strument was configured especially for measurements
of thin cirrus, by employing a forward-facing subisoki-
netic inlet that inertially enhances articulate concen-
trations by about a factor of 50. The resulting detec-
tion limit for IWC is better than 0.05 mg m ™3 under
most conditions. In this presentation, we will describe
the CLH instrument performance, illustrate the proce-
dure for determining IWC from the total water obser-
vations and discuss the uncertainties in the resulting
IWC values. We will show several examples covering
the wide range of cirrus IWC observed, from < 0.1 mg
m~3 to > 1 g me, with particular emphasis on the
morphology of clouds found near the tropopause.
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The redistribution of HNOg3 via uptake and sedi-

mentation by cirrus cloud particles is considered an
important term in the upper tropospheric budget of
reactive nitrogen. Numerous cirrus cloud encounters
by the NASA WB-57F high-altitude research aircraft
during CRYSTAL-FACE were accompanied by the ob-
servation of condensed-phase HNOg with the NOAA
chemical ionization mass spectrometer. The instrument
measures HNO3 with two independent channels of de-
tection connected to separate forward- and downward-
facing inlets that allow a determination of the amount
of HNO3 condensed on ice particles. Subtropical cir-
rus clouds, as indicated by the presence of ice par-
ticles, were observed coincident with condensed-phase
HNO3 at temperatures of 197 K - 224 K and pressures
of 120 hPa - 224 hPa. Maximum levels of condensed-
phase HNOg approached the gas-phase equivalent of 0.8
ppbv. Ice particle surface coverages as high as 1.4x10
14 molecules em ™2 (14% of a HNO3 monolayer) were
observed. A dissociative Langmuir adsorption model,
when using an empirically derived HNOg adsorption
enthalpy of -11.0 kcal mol ™~ 1, effectively describes the
observed molecular coverages to within a factor of 5.
The percentage of total HNO3 in the condensed phase
ranged from near zero to 100% in the observed cirrus
clouds. With volume-weighted mean particle diameters
up to 700 microns and particle fall velocities up to 10
1. some observed clouds have significant potential
to redistribute HNO3 in the upper troposphere.
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Measurements of Water Vapor and
Total Water on the NASA WB-57:
Validation and Determination of
Cirrus Ice Water Content
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We describe an instrument that makes accurate in
situ measurements of total water. Cloud ice water con-
tent is determined using simultaneous water vapor mea-
surements. The total water instrument integrates an
aerodynamically shaped inlet and an in-stream heater
with photofragment resonance fluorescence detection to
quantitatively measure the total water content of am-
bient air. The air is isokinetically drawn into the in-
strument through the inlet positioned about a meter
from the skin of the WB57 fuselage. The instrument
detection axis is in principle identical to that in the
water vapor instrument that has flown on the NASA
ER-2 research aircraft since 1992. Ice water content
measurements is critically important for: (1) determin-
ing effective ice densities as a function of ice particle
size; (2) relating the microphysical properties of ice
particles to their radiative properties; and (3) validat-
ing cloud ice water content measurements from remote
and space-based instrumentation. We submit that val-
idation of the total water measurements first requires
validation of the instrument in clear air. We present
validation data illustrating detailed in-flight intercom-
parisons with the Harvard and JPL water vapor instru-
ments, and in-flight absorption measurements during
the CRYSTAL FACE mission that illustrate instrument
performance in clear air. Laboratory calibration pro-
cedures for it and the accompanying water vapor in-
strument are identical, and provide an accuracy of 5%
for water vapor measurements. The close agreement
between these three water vapor measurements on the
‘WB57 helps provide convincing evidence of their accu-
racy, and has important implications for the upcoming
validation plans for AURA instrumentation. We also
discuss the uncertainties in the total water measure-
ment caused by particle sampling issues, the possibil-
ity of incomplete particle evaporation, and instrument
modifications to be implemented before the next mis-
sion. Data taken during a mission based out of San Jose
Costa Rica in August 2001 and the CRYSTAL FACE
mission based out of Key West, FL during July 2002
highlight instrument performance and illustrate instru-
ment capability and the scientific utility of simultane-
ous measurements of water vapor and total water in the
tropical tropopause layer.
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Impact of Nitric Acid on Cloud
Microphysics and Climate
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Numerical simulation of cloud formation using an
adiabatic cloud parcel model indicates that cloud
droplet number concentration can be significantly in-
creased when soluble trace gases, such as nitric acid,
are present in the atmosphere. The increased number of
cloud droplets may enhance the indirect climate forcing
by aerosol. The growth of haze and cloud droplets by
condensing water and nitric acid vapors on ammonium
sulfate particles has been calculated explicitly using a
kinetic droplet growth model. Results show that the ef-
fect of nitric acid is most significant when the updraft
is weak. Because the transfer of water and nitric acid
vapors to the growing droplets is a rate-limiting fac-
tor, we also investigated the sensitivity of cloud droplet
number to different mass accommodation coefficients
of water and nitric acid. It is found that for both wa-
ter and nitric acid smaller mass accommodation coeffi-
cients can lead to more cloud droplets, including those
that do not grow spontaneously but are large enough
to have radiative effects. This is due to the fact that
the partitioning of nitric acid among the gas and liquid
phases depends on the number and sizes of the cloud
droplets. Some of the cloud droplets may evaporate
even after activation in a complex binary condensation
and evaporation process. When the mass accommo-
dation coefficients are small, the deactivation process
becomes very slow and the droplets can remain large
enough, and for sufficiently long enough, to have a ra-
diative effect. We will present results that evaluate the
importance of kinetic limitations on the transfer of sol-
uble trace gases and explore the extent to which these
affect aerosol indirect forcing on climate.
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Aerosol sources, absorption, and
intercontinental transport: Synergies
among models, remote sensing, and
atmospheric measurements

Mian _Chinl! (301-614-6007;

chin@rondo.gsfc.nasa.gov); Paul Ginoux?
(pag@gfdl.noaa.gov); Oleg Dubovik3
(dubovik@ltpmail.gsfc.nasa.gov); Brent Holbenl
(brent@spamer.gsfc.nasa.gov); Yoram Kaufman?!
(kaufman@climate.gsfc.nasa.gov); Allen Chu?
(achu@climate.gsfc.nasa.gov); Tad Anderson®
(tadand@atmos.washington.edu); Patricia Quinn®
(quinn@pmel.noaa.gov)

1NASA GSFC, NASA Goddard Space Flight Center,
Greenbelt, MD 20771

2NOAA GFDL, Forrestal Campus, Princeton, NJ
08542

SUMBC, NASA Goddard Space Flight Center, Green-
belt, MD 20771

4SSAI, NASA Goddard Space Flight Center, Green-
belt, MD 20771
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spheric Sciences, Seattle, WA 98195
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Aerosol climate forcing is one of the largest uncer-
tainties in assessing the anthropogenic impact on the
global climate system. This uncertainty arises from the
poorly quantified aerosol sources, especially black car-
bon emissions, our limited knowledge of aerosol mixing
state and optical properties, and the consequences of
intercontinental transport of aerosols and their precur-
sors. Here we use a global model GOCART to simulate
atmospheric aerosols, including sulfate, black carbon,
organic carbon, dust, and sea salt, from anthropogenic,
biomass burning, and natural sources. We compare
the model calculated aerosol extinction and absorp-
tion with those quantities from the ground-based sun
photometer measurements from AERONET at several
different wavelengths and the field observations from
ACE-Asia, and model calculated total aerosol optical
depth and fine mode fractions with the MODIS satel-
lite retrieval. We will also estimate the intercontinen-
tal transport of pollution and dust aerosols from their
source regions to other areas in different seasons.
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Tropical Anvil Cirrus
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During the 2002 Cirrus Regional Study of Tropi-
cal Anvils and Cirrus Layers - Florida Area Cirrus Ex-
periment (CRYSTAL-FACE), the NASA WB-57 spent
many hours sampling cloud microphysical properties,
temperature, turbulence, and water vapor concentra-
tion within subtropical anvil cirrus. These measure-
ments indicate that air within the cirrus is often sub-
stantially supersaturated with respect to ice, with av-
erage ice supersaturations increasing from about 5 to
30% as cloud temperature decreases from 220 to 195
K. The persistence of large supersaturations in cirrus
with high ice crystal surface areas is unexpected. In
this study, we examine the dependence of the measured
anvil supersaturations on parameters such as ice water
content, turbulence, anvil age, and temperature. We
also use a three-dimensional cloud model that resolves
the size distributions of cloud particles to investigate
the physical processes responsible for the maintenance
of ice supersaturation in anvils. The effects of radia-
tively driven turbulence, wave-driven temperature os-
cillations, and entrainment of ambient air will be dis-
cussed.

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-##, 2003.
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Stochastic Climate Simulators for
Diagnosing Regional Climate
Variability and Model Physics
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Atmospheric Single Column Models (SCMs) provide
an economical modeling framework for diagnostic stud-
ies. In these models, vertical profiles of temperature
and humidity evolve in response to diabatic interac-
tions within the column and adiabatic tendencies pro-
duced by the large scale circulation. Often, physical pa-
rameterizations in the SCM are obtained directly from
a general circulation model (GCM). This makes the
SCM a valued resource for the development of compre-
hensive numerical climate forecast models. Typically
in SCMs, the adiabatic tendencies are prescribed and,
thus, decoupled from the diabatic tendencies. This de-
coupling can lead to the rapid development of atmo-
spheric states that are not found in reality or in the
corresponding GCM. This makes both the diagnosis of
SCMs and its implications for GCM development dif-
ficult, it not impossible, to interpret. We have modi-
fied the SCM framework to include coupling between
the adiabatic and diabatic tendencies. In this ’cou-
pled’” SCM, vertical temperature advection is parame-
terized in terms of the time-history of diabatic heating
rates. The remaining adiabatic tendencies are then cal-
culated under the additional assumption that the col-
umn is embedded in an uniform environment. This cou-
pled framework stabilizes the SCM and allows the SCM
to maintain a realistic climate, but damps out high
frequency variability in long runs. To construct the
’stochastic climate simulator’ (SCS), high frequency
variability is introduced to the coupled SCM by adding
multivariate red noise to the SCM tendency equation.
The linear operator and white noise covariance for the
stochastic forcing are calculated from error statistics
gathered from short runs of the coupled SCM. This pro-
cess exploits the stability of the coupled SCM and its
near linearity for short integrations. When tested for
tropical conditions, the resulting SCS produces realis-
tic fluctuations of temperature and humidity compared
to observations from TOGA COARE and maintains a
stable climate in year-long runs. The SCS provides a
economical diagnostic framework for extensive sensitiv-
ity testing. Furthermore, since we can construct SCSs
from both observational data and GCM data, the SCS
also provides an economical testing framework for GCM
development.
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Ice Nucleation in Low-Temperature
Aircraft Contrails During
CRYSTAL-FACE
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Upper tropospheric ice clouds and aircraft conden-
sation trails (contrails) were studied by both remote
sensing instruments on the NASA ER-2 high-altitude
aircraft and in situ atmospheric sampling instruments
on the NASA WB-57F aircraft as part of the NASA
CRYSTAL-FACE mission. During the Southern survey
flights of July 9 and July 26, 2002, over the Caribbean
Sea, non-persistent and persistent visible contrails were
produced by the WB-57F aircraft and imaged by the
MODIS Airborne Simulator (MAS), flying at higher al-
titude on the ER-2. These contrails were located in the
vicinity of the local tropopause, where ambient tem-
peratures were very low (minus 74 to minus 78°C).

A consistent relation was found between contrail life-
time and ambient humidity, as measured by the JPL
Laser Hygrometer (JLH) using temperatures from the
WB-57F Meteorological Measurement System (MMS).
We will discuss contrail physical properties in relation
to nearby cirrus clouds, sensitivities of different MAS
channels to contrail properties, in situ measurements of
humidity and particles, and model simulations of ice
nucleation and growth, and contrail dispersal.
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Small scale motions in cumulus anvils are important
because of their potential ability to transport heat, mo-
mentum, moisture, and ice. Also, the speed with which
the turbulence decays may have an impact on the life-
time of ice particles. Finally, the strength of the small
scale motions is an indication of how high the resolu-
tion of anvil models must be. The approach is to ex-
amine the vertical and horizontal velocity spectra, and
vertical heat fluxes from anvil passes between 10-15 km
during CRYSTAL-FACE from WB-57 and Citation air-
craft. These can be compared with spectra from passes
through major convective updrafts performed by a DC-
8 aircraft during a different Florida convection experi-
ment. Results for the WB-57 measurements show that:
(1) small scale motions decay rapidly in the Florida
anvils, the maximum power decaying by .5-1 decade per
hour as the anvil ages; (2) spectra are quite steep in the
anvil, with power decaying according to a -3 power law,
in contrast to regions near the updraft where the power
law is closer to -5/3; and (3) heat fluxes are mostly
negative near the anvil tops, in contrast to the posi-
tive heat fluxes found during the active updrafts. The
last result probably reflects the action of the turbu-
lence in transporting air above the anvil (which has a
substantially higher potential temperature than anvil
air) downward into the anvil. Further work to be pre-
sented includes comparison with data from the Citation
aircraft.
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Comparison of Cloud-Radiative
Properties From Model Prediction
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To better understand the physical properties and
formation processes of tropical cirrus/anvil clouds with
a view toward the successful modeling of the Earth’s
climate, the CRYSTAL-FACE (Cirrus Regional Study
of Tropical Anvils and Cirrus Layers - Florida Area
Cirrus Experiment) field experiment took place over
southern Florida from 1 July to 29 July 2002. Dur-
ing the entire field campaign, a very high-resolution
numerical weather prediction (NWP) and assimilation
system, ARPS (Advanced Regional Prediction Sys-
tem), was performed in support of the mission. ARPS
is a multi-purpose modeling system capable of both
data analysis/assimilation and multi-scale NWP rang-
ing from cloud-scale to larger regional scale. The
system has multi-nesting capability and contains de-
tailed interactive physics for explicit cloud-resolving,
land surface effect, cloud-radiation interactive trans-
fer, cloud microphysics, and turbulence.
time forecast, two nested 15/3 km grids are employed
over the CRYSTAL-FACE experiment area. The 15-
km grid covers the southeast US domain, and is run
two times daily for a 36-hour forecast starting at 0000

In the real-

UTC and 1200 UTC. The nested 3-km grid covering
only southern Florida is used for 18-hour and 9-hour
forecasts starting at 0600 and 1500 UTC, respectively.
The forecast products were made available on the in-
ternet. The model predicts the 3-D cloud fields (cloud
liquid water, rain water, cloud ice, snow and grau-
pel/hail) and the associated radiative transfer prop-
erties, which can be used to characterize convection-
anvils systems in dynamics and microphysics and their
roles in both regional and global weather/climate. The
satellite remote sensing retrieval using multispectral
radiance data from the NOAA GOES satellite was used
to provide satellite-derived cloud-radiative properties
including cloud fraction, temperature, height, thick-
ness, phase, optical depth, effective particle size and ice
or liquid water path; and TOA fluxes and albedos. The
preliminary results of the intercomparison show that
the cloud fields from model and satellite-derived com-
pare well, particularly for the frequency distributions
of cloud ice water path. Those satellite-derived prod-
ucts will also be compared to the 4D higher-resolution
(down to 1 km horizontal grid-size) data assimila-
tion with insertion of the extensive experiment mea-
surements, especially the NEXRAD radar and satellite
data.

URL: http://asd-www.larc.nasa.gov/model/crystal
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Partially cloud-filled pixels can be a significant
problem for remote sensing of cloud properties. Gener-
ally, the optical depth and effective particle sizes are
often too small or too large, respectively, when de-
rived from radiances that are assumed to be overcast
but contain radiation from both clear and cloud areas
within the satellite imager field of view. This study
presents a method for reducing the impact of such par-
tially cloud field pixels by estimating the cloud fraction
within each pixel using higher resolution visible (VIS,
0.65mm) imager data. Although the nominal resolution
for most channels on the Geostationary Operational
Environmental Satellite (GOES) imager and the Mod-
erate Resolution Imaging Spectroradiometer (MODIS)
on Terra are 4 and 1 km, respectively, both instru-
ments also take VIS channel data at 1 km and 0.25
km, respectively. Thus, it may be possible to obtain an
improved estimate of cloud fraction within the lower
resolution pixels by using the information contained
in the higher resolution VIS data. GOES and MODIS
multi-spectral data, taken during the Cirrus Regional
Study of Tropical Anvils and Cirrus Layers - Florida
Area Cirrus Experiment (CRYSTAL-FACE), are ana-
lyzed with the algorithm used for the Atmospheric Ra-
diation Measurement Program (ARM) and the Clouds
and Earth’s Radiant Energy System (CERES) to de-
rive cloud amount, temperature, height, phase, effec-
tive particle size, optical depth, and water path. Nor-
mally, the algorithm assumes that each pixel is either
entirely clear or cloudy. In this study, a threshold
method is applied to the higher resolution VIS data
to estimate the partial cloud fraction within each low-
resolution pixel. The cloud properties are then derived
from the observed low-resolution radiances using the
cloud cover estimate to properly extract the radiances
due only to the cloudy part of the scene. This approach
is applied to both GOES and MODIS data to estimate
the improvement in the retrievals for each resolution.
Results are compared with the radar reflectivity tech-
niques employed by the NOAA ETL MMCR and the
PARSL 94 GHz radars located at the CRYSTAL-FACE
Eastern & Western Ground Sites, respectively. This
technique is most likely to yield improvements for low
and midlevel layer clouds that have little thermal vari-
ability in cloud height.

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-#7, 2003.
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Cirrus cloud processes (e.g., lifetime and radiative
properties) are sensitive to the competing effects of
heterogeneous and homogeneous ice nucleation. Tropi-
cal cirrus also may be affected by perturbations to the
background aerosol, for example due to large volcanic
eruptions. To this end, we have devised a laboratory
experiment for studying the mechanisms of heteroge-
neous ice nucleation, with specific attention given to
ice formation on volcanogenic particles. The statistical
nature of heterogeneous ice nucleation can yield clues
about the physical mechanisms responsible for ice forma-
tion. Using a laboratory system capable of measuring
the freezing temperature for a single ice nucleus hun-
dreds of times we have obtained detailed estimates of
the probability density functions for freezing time (or
temperature). We compare these pdf’s to the ‘ideal-
ized’ case of an inhomogeneous Poisson process based
on the classical model of heterogeneous ice nucleation.
In addition, we are able to perform SEM analysis of
each ice nucleus and thereby estimate the influence of
properties such as surface area and morphology on the
ice nucleation process. The laboratory measurements
have implications for ice formation in volcanic clouds
and volcanically-influenced cirrus clouds, as well as for
the broader phenomenon of heterogeneous liquid-solid
nucleation.
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The Cirrus Regional Study of Tropical Anvils
and Cirrus Layers - Florida Area Cirrus Experi-
ment (CRYSTAL-FACE) field campaign provided a
unique opportunity to study convective characteristics
in South Florida. CRYSTAL FACE took place during
July 2002. Four Weather Surveillance Radar - 1988
Doppler (WSR-88D) radars along with the NASA po-
larimetric (NPOL) 10 cm radar data were available
during CRYSTAL FACE. The experiment provided a
unique opportunity to study the evolution of convec-
tion and determine source regions of cirrus anvils in
South Florida. The four WSR-88D and NPOL radar
data were merged to provide a composite dataset of the
radar echoes observed in South Florida. Radar echoes
were tracked with time using cross correlation tech-
nique by determining the Lagrangian Autocorrelation
between sequential radar observations. This analysis
provides information about the mean wind fields and
the initial source regions of the convection generating
the cirrus anvils. A spectral decomposition of storm
scales was applied to the dataset in efforts to gain a
better understanding of the evolution of the convective
systems at various storm scales. An overview of this
study along with preliminary results will be presented
in the poster.
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Simulations of a cumulonimbus cloud observed by

the Citation aircraft in the Cirrus Regional Study of
Tropical Anvils and Cirrus Layers - Florida Area Cir-
rus Experiment (CRYSTAL-FACE) with an advanced
version of the Explicit Microphysics Model (EMM) are
presented here. Observations of the concentration of
cloud condensation nuclei (CCN) by the Twin Otter
aircraft in the planetary boundary layer are utilized to
provide inputs to the model, together with measure-
ments by the ER-2 and Citation aircraft. The intercon-
nected mechanisms of secondary droplet nucleation and
the warm rain process both combine to regulate the su-
percooled droplet concentration in the mixed phase re-
gion of the updraft, which determines the anvil ice con-
centration aloft. Perturbations in the turbulence en-
hancement coefficients for coalescence and in the CCN
concentration are found to alter the properties of the
anvil updraft because of their effects on the warm rain
process. Homogeneous aerosol freezing can occasionally
occur if the anvil ice concentration in parcels becomes
very low.
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We present comparisons between deep cumulus
cloud top heights estimated by three methods during
CRYSTAL-FACE: passive infrared radiance observed
by GOES, the ER-2 CPL lidar, and MISR stereoscopic
retrievals. We find that cloud top heights from GOES
are somewhat underestimated. We also present a cli-
matology of top heights by blending these platforms,
obtaining thorough coverage from GOES but correct-
ing the observations using discrepancies observed with
colocated MISR (which has sparse sampling of all cloud
types) and CPL (which has even more limited sam-
pling, but highest accuracy) observations. Finally, we
show that day-to-day variations in cloud top penetra-
tion over the Florida peninsula appear to be related to
changes in CAPE, but that land-ocean and diurnal dif-
ferences in cloud top penetrations cannot be explained
by differences in CAPE.
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There has been interest in the connection between
tropical fires and ozone since about 1980. Photochem-
ically reactive gases released by fires (e.g. NO, CO,
volatile organic carbon) interact as they do in an ur-
ban environment to form ozone. Interacting with chem-
ical sources, tropical meteorology plays a part in tro-
pospheric ozone distributions in the tropics, through
large-scale circulation, deep convection, and regional
phenomena like the West African and Asian monsoons.
An overview of observations, taken from satellite and
from ozone soundings, illustrates regional influences
and intercontinental-range ozone transport in the trop-
ics. Omne of the most striking findings is evidence for
impacts of Indian Ocean pollution on the south At-
lantic ozone maximum referred to as the "ozone para-
dox” [Thompson et al., GRL, 2000; JGR, 2003; Chat-
field et al., GRL, 2003].
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We extend on our analysis of equatorial tropo-
spheric ozone to illustrate the contributions of South
Asian pollution export in forming episodes of high Og
over the Atlantic Ocean. We amplify on an earlier de-
scription of a broad resolution of the “Atlantic Para-
dox,” for the Jan-Feb-March period, which included
initial indications of a very long-distance contribution
from South Asia. The approach has been to describe
typical periods of significant maximum and minimum
tropospheric ozone for early 1999, exploiting TOMS
tropospheric ozone estimates jointly with characteris-
tic features of the SHADOZ (Southern Hemisphere Ad-
ditional Ozonesondes) ozone soundings. Further in-
vestigation of the Total Tropospheric Ozone (TTO)
record for all of 1999 suggests that there are repeated
periods of very long-distance Asian influence crossing
Africa, with an apparent effect on those portions of the
Atlantic Equatorial troposphere which are downwind.
Trajectory analyses suggest that the pattern over the
Indian Ocean is complex: a sequence invoving multi-
ple or mixed combustion sources, low level transport,
cumulonimbus venting, and high-level transport to the
west seem to be indicated by the TTO record. Biomass
burning, fossil and biofuel combustion, and lighting
seem to all contribute. For the Atlantic, burning and
lighting on adjacent continents as well as episodes of
this cross-Africa long-distance transport are all linked
in a coordinated seasonal march: all are related by
movement of the sun. However, interseasonal tropical
variability related to the Madden-Julian oscillation al-
lows intermittent ozone buildups that depart from the
seasonal norm.
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